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Crowe (1928) first used the word whiplash
to describe cervical strains which had been
caused by extension type injuries due to sud·
den acceleration. They were found to heal
very slowly and hence the word whiplash soon
became synonymous with irreparable damage,
continuous pain and residual disability.
To avoid using a word with such unpleasant
connotations, Macnab (1964, 1971), an ortho-
paedic surgeon from Toronto, defined the
resulting symptoms under the heading of "ac-
celeration extension syndrome".
This type of injury became a significant
problem in the early 1940's when it was found
that fighter pilots who were being swiftly ac-
celerated from aircraft carrier decks began to
complain of painfully stiff necks. The problem
was solved by extending the pilot's seat and
thus supporting the head more securely
(Macnab op. cit.).
Post-war years saw the vast increase in
vehicular traffic on the roads and autobahns
of the world. The ingredients for cervical
injuries were made to order, and soon
physicians were being confronted with numer-
ous victims of rear-end collisions, who were
presenting with typical acceleration extension
type syndromes.
X-ray evidence was invariably negative, as
were objective examination and pathological
tests. Soon the condition became known as
"litigation neurosis syndrome" because the
sceptics knew that the victim was covered by
the law as he had invariably been struck
from the rear.
The problem became acute as the number
of victims steadily increased. Jackson (1952)
stated that 85% of all cervical injuries from
automobile accidents were caused by rear·
end impacts.
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The National Safety Council of America
(1968) stated that 20% of all accidents in
America were rear-end impacts, and that in
the State of New York the incidence was 38%.
This, indeed, was a new medical problem.
A syndrome had appeared on the scene which
was difficult to assess and treat, and so the
blame was levelled at the patients. Gotten's
(1956) survey of 100 cases of acute cervical
strain following rear-end collision appeared
to give credence to this opinion.
However, by this time, some physicians and
associated personnel began to have second
thoughts on the problem. Why did apparently
severe, associated concurrent injuries such as
fractures, repair and rwover normally? Why
was litigation not instituted on behalf of other
injuries and why did this type of cervical
strain continue to cause pain, disability and
impairment of the victim's life style?
One of the early pioneers in the field in-
vestigating this phenomenon was Tuell
(1953) who conducted a series of experiments
using himself as a guinea pig by subjecting
his body to rear-end impacts. The motions of
his torso were recorded by high speed
motion pictures.
His findings coincided with Severy (1955)
who made investigations into rear-end col-
lisions by using anthropomorphic dummies
and similarly recording the head and neck
movements. He found that cervical extension
was the primary head mo'Vement, and that
initially the head and neck wrapped itself
around the top of the passenger's seat. Severy
also conclusively proved that forces affecting
the occupants varied very little between 10
and 25 kilometre per hour impacts. His
reasoning was that at low speeds the forces
were imparted directly to the occupants.
However, with impacts from 25 kilometres per
hour, crushing of the rear-end of the impacted
vehicles occurred and some of the forces were
absorbed by the vehicle and thus dissipated.
Ewing, Thomas and Beeler (1968) using
instrument linked volunteers showed that an
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input of 9G acceleration on C.7 and T.l verte-
brae produced a 23G acceleration of the fore-
head due to the whiplash mechanism.
Macnab (op. cit.) showed his interest in
the problem. He argued that it was unreason-
able to class the majority of these patients
as neurotic, and he set about to study clinically
and experimentally the effects of this type of
cervical strain.
Clinically, he recorded the progress of 575
patients and experimentally, he used anaesthe-
tised monkeys in a vertical lift drop which
simulated the forces required to produce an
acceleration extension injury. These experi-
mental studies were verified by Wickstrom
(1967) using Belgian hares and later
monkeys.
They were both able to show by animal
necropsy that a whole series of soft tissue
injuries do occur, all of which may not show
up in X-ray or objective examination.
They found varying degrees of minor tears
of the sternomastoid and longus colli muscles.
It was also noted that any tear of the longus
colli, no matter how small, was associated
with a retropharyngeal haematoma. Haemor-
rhages were discovered in the muscular coat
of the oesophagus, and occasional damage
found in the cervical sympathetic plexus.
One interesting case showed injury to the
longus colli muscle and even deeper tearing
of the anterior longitudinal ligament and
separation of the disc from its associated
vertebrae. However, even after several months,
this injury was not demonstrable in X-ray
examination.
Wbkstrom (op. cit.) also demonstrated
injuries to the anterior and posterior longi-
tudinal ligaments, the interspinous ligaments,
the apophyseal joints, adjacent nerve roots,
vertebral fractures, subluxations and dislo-
cations. He also observed intracranial and
inner ear haemorrhages.
At last the patient was scientifically exon-
erated, and it was conceded that the patient
could have received permanent and disabling
injury from an apparently innocuous accident.
His continuing depression and alteration to life
style could be a reality, and yet to this very
day many medical and associated personnel
are viewing these patients with suspicion and
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doubt. Indubitably this suspicion is noted by
the patients, and it must have an adverse
effect on their psychological and mental
health, which in turn retards their recovery.
THE WHIPLASH MECHANISM
Macnab (op. cit.) gives a clear description
of the forces involved and their effect on the
occupants within the impacted vehicle. Firstly,
the impacted vehicle moves forward, the
occupant's body moves forward with the
vehicle and he feels a pushing pressure on his
lumbar area. The occupant's head, however,
is unsupported (at this stage head rests were
not part of the vehicle), and the head slowly
moves back into extension. The tension of the
anterior musculature is gradually overcome,
and the stretch extends to the anterior fibres
of the intervertebral disc and the attached
vertebrae. As acceleration stops, the head
moves forward, the rate accentuated by the
neck flexor stretch reflex which was activated
during the extension phase of the mechanism.
As the head continues to accelerate it is
eventually forced against the sternum or is
smashed into the steering wheel or side of the
vehicle.
Macnab also showed in a low speed impact
that the whiplash mechanism mainly affected
the occupant in the passenger's seat. He sug-
gested that this was because the driver was
able to get support from the steering column.
However, in high speed impact accidents, it
was the driver who suffered most because
the passenger's pelvis was free to slip forward
and his head approximated the back of his
seat which curtailed excessive cervical ex-
tension. The driver, however, was held in
his normal sitting position by the steering
column and his cervical extension was unim-
peded.
Macnab also noted that cervical injury was
increased if the head was rotated at the
moment of impact. The American Medical
Association (1958) confirmed this opinion
when they pointed out that normal cervical
extension is 60°, but that this movement is less
than half when the head is rotated by 45° to
either side.
Macnab also noted that several of his 575
patients were actually kneeling on the front
seat and facing the rear of the vehicle at the
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moment of impact. This, of course, produced a
cervical flexion injury and none complained
of serious after effects.
Why, then, are extension strains prone to
severe injury? Flexion and lateral flexion of
the head are limited by the head striking a
part of the body before the physiological
limit of movement is reached. Extension, how·
ever, can proceed unimpeded, until the
occiput strikes the posterior thoracic wall at
the inter.scapular level.
Reading glasses and combs have been
found in the rear of the car and such great
forces combined with the extreme range of
extension must cause considerable damage to
the over-stretched tissues.
SYMPTOMS OF CERVICAL ACCELERATION
EXTENSION INJURIES
Significant discomfort may be postponed
for 24 hours or may be apparent immediately
after impact. Similarly, cervical stiffness can
vary from minimal to rigidity and can be
immediate or of insidious onset. Pain radio
ation can cover the whole or any part of
cervical, inter-scapular, occipital, postorbital
or temporal regions, or it can radiate into
either one or both arms, extending to involve
the fingers. Tingling, hyperaesthesia, hypo.
aesthesia are all sensory manifestations which
mayor may not appear. According to Macnab
(op. cit.) the sensory signs are usually due
to spasm of the scalene muscles rather than
posterior nerve root pressure. Quite frequently
the patient complains of any or all of the
following symptoms:
1. Dysphagia or difficulty in swallowing.
This is a poor prognostic sign, and is due
to pharyngeal oedema or to a retropharyn.
geal haematoma following injury to
longus colli.
2. Dysphasia can become apparent within
the first 24 hours and is caused by similar
conditions as for dysphagia.
3. Blurring of vision can be caused by dam-
age to the vertebral artery or damage to
the cervical sympathetic chain-if the
blurring is associated with Horner's syn-
drome it is indicative of serious soft tissue
injuries.
4. Tinnitus is also associated with vertebral
artery injury or direct damage to the
inner ear.
5. Dizziness-early severe vertigo due to
vertebral artery spasm or an inner ear
disturbance indicates a severe strain.
Veering can be attributed to interference
with the neck righting reflex induced by
spasm of the supporting cervical muscles.
Macnab (op. cit.) believes C.5·6 and C.6·7
takes the majority of the strain, but patients
with preexisting osteoarthritis are more likely
to be affected in the high cervical area of
C.2.3.
TYPES OF REAR'END IMPACT INJURIES
A typical whiplash syndrome results from
a low speed impact where the forces are taken
directly by the occupant causing the acceler·
ation extension injury already discussed.
High speed impact above 25 kilometres per
hour is a different problem altogether. The
occupant first feels a pressure in the lower
lumbar area, but the initial forces are of
course greatly magnified-it is highly prob-
able that the seat will break at its base. The
occupant will assume a horizontal position,
and he will experience a traction strain of
the cervical area in proportion to the applied
forces. Because the head maintains its normal
position in relation to the remainder of the
torso and is not forced into extension, the
soft tissue damage is considerably lessened.
Hence the phenomenon that high speed impact
injuries are less painful, less restricting and
often leave less residual problems.
ASSESSMENT AND TREATMENT
Although I have treated a large number of
these patients during the last 20 years, and
particularly in the last 10 years, the correct
physiotherapeutic programme is still very
difficult to ascertain. Macnab (op. cit.) said
that rest and reassurance were essential in-
gredients. Certainly this is true, but every
case must be treated on its merits. No doubt
the wide variety and diversity of injuries
discovered by Wickstrom (op. cit.) and
Macnab give credence to this statement.
For safety, I believe that the patient should
rest by lying down after the accident until
Aust.J.Physiother., XXIV, 3, September, 1978
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The pressure may be applied unilaterally or
bilaterally.
FIGURE 1
The diagrams 1 and 2 show the loss and subsequent
restoration of the cervical lordotic curve.
2 ...
and subsequent loss of faith in the medical
fraternity.
With regard to sensory changes, the patient
should be asked to describe any changes in
sensation and then tests made using soft
material, pin pricks, hot and cold, and the
joint-position sense tested.
Loss of active movement can be helped by
gentle mobilisation of the intervertebral joints
and gentle manual cervical traction.
Loss of spinal accessory movements can
be helped by appropriate passive pressures
(Maitland, 1964).
Locking of the thoracic spine can be re-
leased by passive pressures to the locked joint
(Paige op. cit.).
Tight fascial contractures, especially clavi
pectoral fascia, can be loosened by massage
to its attachment to the costo sternal junctions.
This can have a direct effect of increasing
cervical extension.
The cervical lordosis must be considered,
as without doubt the tightness of the soft
tissue can cause a loss of the cervical lordotic
curve. This can be helped by sustained passive
pressures gently coaxing the cervical spinal
curve into its normal lordotic position. The
pressure is best exerted over the apophyseal
joints.
TREATMENT
Both arms should be tested for bicep and
tricep jerk depression to ascertain nerve root
involvement and also to note hyperactivity
which could indicate upper motor neurone
involvement or, more likely, an increase in the
patient's level of anxiety. This latter finding
is particularly prevalent in the long term cases
where fear of permanent disability has arisen
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shock and discomfort have settled. When the
patient can lift his head against gravity, he
is ready for normal ambulation. If the head
feels heavy, it should be supported in a
cervical collar. Hirudoid helps the initial
bleeding into the subcutaneous and soft tis-
sues, and later moist heat will be beneficial
in helping to disperse the haematomas and
relieve increased muscular tension and spasm.
At the first treatment, a complete case history
and associated signs and symptoms must be
charted and the patient should be checked for:
1. Exaggeration or depression of relevant
reflexes;
2. Sensory changes in both upper and lower
limbs;
3. Loss of active movements ;
4. Loss of accessory movements;
5. Locking mechanisms in the thoracic or
lumbar spine (Paige, 1973);
6. Fascial contractures and loss of spinal
curves;
7. Musculature abnormalities-
(a) spasm,
(b) adaptive shortening,
(c) local tenderness,
(d) local contractures within muscle
bellies,
(e) tenderness at muscle attachments,
particularly to nuchal line, spinal
processes and medial and upper
borders of scapulae;
8. Tenderness of spinous processes and as-
sociated heat;
9. Signs of sweating which would suggest
autonomic nervous system involvement;
10. Associated skeletal joints should be tested
for loss of active and accessory move·
ments.
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applying gentle mobilizing massage to the
anterior and posterior scalene muscles whilst
applying moist heat.
Above all, patients need reassurance. Of
100 people involved in rear-end collision
impacts, 80 will escape apparently free of
injury; 20 will receive acceleration extension
type injuries, and of these only 2 will have
sufficient problems to interfere with their li'fe
style after 2 years (Macnab op. cit.).
PERSONAL ExPERIENCE OF A REAR-END
COLLISION IMPACT
At 08.00 on November 30, 1973, whilst
stationary, my car was subjected to a rear-
end collision impact. My first recollection was
a crunching at the rear of my car, then a
gentle pressure in the lower lumbar area,
followed by a build up in the pressure until
I knew that large forces had been unleashed-I
had the feeling of lying on my back and being
propelled towards the rear of the car. The
only unpleasant sensation was the pain in
my left tibia as it was being forced against
the steering wheel. Then my trunk was
coming forward at great speed and again I
was aware of the pressure of my left leg on
the steering wheel which was guiding my head
towards the driver's side door. At this moment
there was another crunch as my car was
pushed into the car in front-both of my
front doors burst open and my head shot
forward through the driver's side opening.
I found myself sitting in flexion, half in and
half out of the car.
I felt pain free, except for a tender left
tibia. On glancing around I noticed that my
seat belt had disengaged itself from my body;
my bucket seat was broken and leaning on
to the back seat. The steering wheel was broken
-apparently by my tibia. By the time I tried
to stand, two tow trucks had arrived, one had
hitched on to my car and it was suggested
that I sign a form so that the car could be
removed; I was promised a car replacement
by noon. I signed the form, hobbled into an-
other car and was driven to my rooms.
I felt shaken, but still quite pain free
except for my shin which was X-rayed and
found not to be fractured.
The first suggestion of a cervical problem
(which I did not recognise at the time) was
that on attempting to get off the X-ray couch
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FIGURE 2
Finger tips follow a line on the floor parallel to the
feet.
x+·~~~
.... ---+ ----- ----- -----
Spasm and tightness in the extensor muscul-
ature of the neck, inter scapular muscles, and
scalene muscles should be helped with specific
massage to the painful tight spots.
T.4 is invariably tender to palpation. When
you consider that the inferior oblique fibres
of longus colli arise from the front of the
vertebral bodies of T.I-T.3 it is logical that
during the flexor phase of the whiplash
mechanism the thoracic spine would be flexed
down to T.3 by longus colli and hence pro-
duce a strain between T.3 and T.4 and re-
sulting tenderness at T.4. Although T.4 is
particularly susceptible to tenderness it can
of course be elicited over any of the spinou~
processes, and this tenderness can be accom-
panied by a feeling of warmth which no doubt
indicates a severely strained joint.
The area should also be examined for ex-
cessive sweating which would implicate the
autonomic nervous system.
Associated skeletal joints should be tested
for loss of active or accessory movements. In
particular attention should be directed to
glena-humeral, acromio-clavicular and sterno-
clavicular joints.
Occasionally cervical range can be increased
and pain reduced by the patient performing a
pendulum type exercise using T.4 as its ful-
crum. The movement simulates the initial
movements of the golf swing with the arms
moving in a coronal plane through 30° either
side of the midline.
The power in the cervical musculature
must be restored with a progressive exercise
programme.
There also appears to be no doubt that on
some occasions, pain, tingling and even
temporary paralysis of the muscles in the
arm can be brought about by spasm of the
scalene muscles. This may be treated by
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from supine, I found that I couldn't lift my
head and I had to roll on to my side to get
up. I managed to work all day and limped
home at 7.30 p.m.
Now began the first cervical signs of a rear-
end collision impact-there was a cold spot,
the size of 20 cents, at T.4 area, and the skin
of the neck was hyperaesthetic as if it had
been subjected to a "chinese burn".
By mid-evening it felt as if an iron band
was being placed around my neck in the
lower cervical area-movement became pain-
ful and difficult. I became afraid and began to
try and loosen the tightening effect in my neck
-gentle active movements of the area had
no effect; more vigorous movements caused
neck and head pain-my fear increased. I
tried to go to bed, but the neck was so un·
comfortable and so uncontrollable that this
was an impossibility. By midnight I was
desperate, and by chance tried a pendulum
movement with my arms, as in the movements
of a golf swing (Figure 2), and to my relief
the tight band around my neck loosened, and
I could move my head and neck more easily.
Half lying, half sitting, I spent the rest of
the night and the following two days warding
off the encroaching stiffness.
On Monday, with slippers to compensate for
the oedema in the left leg and foot, I foolishly
hobbled back to work. Hirudoid rubbed into
the sterno-mastoids helped the head pain, and
with almost hourly pendulum exercises I
managed fairly well to do my full day's work.
My local doctor had given me Butezolodin
but they had no effect, and I ceased taking
them after 7 days. He also commented that I
had a soft left supraclavicular lump, and
during the first few days the throat area
was obviously swollen as I could not do up
my collar, had a very husky voice (mild
dysphasia) and the hypoaesthesia and the
cold spot of T.4 persisted.
I continued to progress gradually and was
able to do aU but the heaviest parts of my
work, exercise and even play golf until
December 28, 1973, when I swam in cold
surf and noticed pain in the left supraclavi-
cular area. Then, on leaving the water, to my
great surprise, I was unable to move either
wrist and also was unable to get into my
clothes. Feeling and movement took approx-
imately 10 minutes to return.
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However, next morning I had pain on using
the wrists (wringing out towels) and a pain
developed at left lateral and medial humeral
epicondyles on hand and elbow movements.
The soft lump in my left supraclavicular area
was painful to pressure, and I was now in
much more pain. Pendulum exercises still
loosened my neck, but the left wrist and
elbow pain persisted. I still managed work,
but pain made golf an impossibility, and it
was another three months before it was
comfortable to grip a club and play without
pain.
During this time I noticed mild limitation
of left shoulder elevation, but this soon re-
turned to full range.
Five months after the original accident,
the pain had decreased considerably in both
the cervical and left forearm area. However,
the neck stiffness kept recurring and had to
be loosened with the pendulum exercises
many times each day. The numbness of T.4
persisted and on prolonged walking a pain
developed from T.4 towards the lateral end
of the left 12th rib. At this stage I was advised
to contact a lawyer who helped me with
litigation.
My own specialist had ordered X.rays of
the thoracic outlet, cervical and thoracic spine,
hut, of course, these showed nothing. I was
then referred to the Insurance Company's
medical adviser-a man of very high quali-
fications-who made the following statements
in his official report:
1. "I found it indeed remarkable how he was
able to give such a detailed description of
an incident that must have been all over
in a second or two."
2. "He then told me that about three weeks
after the accident he had occasion to feel
his neck and he noticed that a soft lump
had appeared in the left supraclavicular
region. He said that this lump has been
present ever since. It varies a lot. Some-
times it is soft and sometimes it is harder.
He has always done a lot of reading about
'whiplash injuries' and he was aware
of an article written by somebody in
Canada in which certain lumps in the neck
had been described following 'whiplash
injuries'. He decided to write to this per-
son in Canada. He was evidently told that
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he must have a 'phantom tumour'-I
must say that this is a condition about
which 1 have never heard let alone seen.
He gave me the rather remarkable state-
ment that the person to whom he wrote told
him that he should not have anything done
surgically about it because operations had
been done on these 'phantom tumours'
and at the operation nothing had been
found."
3. "At my examination of August 6, 1974,
I found Mr. Paige to be anxious and
rather introspective. His description of
his medical condition betrayed some
obsessional personality traits."
4. "The neurological examination was en·
tirely normal apart from some question-
able sensory loss over a small area of
the left thumb."
5. "I felt his neck but I certainly could not
feel any lump there and I am convinced
that this lump is entirely in Mr. Paige's
imagination."
6. "1 consider that it is in Mr. Paige's in-
terests to have this claim settled as early
as possible. An unresolved claim can focus
unnecessary attention on the area that was
injured and resultant anxiety has a deleter.
ious effect upon the patient as a whole."
In fact, hav.ing read Professor Macnab's
article, 1 had written to him concerning my
signs and symptoms which I have already
described. He kindly answered, and I quote
some relevant points:
"It is always very difficult to make a diag-
nosis by mail, but I would feel that the
strange neurological dysfunction you ex-
perienced in your arm was related to scalene
spasm producing a temporary thoracic
outlet compression. The 'soft lump' that
you described has sometimes been termed
a 'phantom tumour'. It is often seen in
painful lesions around the neck and the
exact aetiology of this is not known. On six
occasions I have had patients referred to
me after the area had been explored and
the surgeon found nothing. This is why we
coin the term 'phantom lump'. It must be
in some way related to altered muscle tone,
altered posture, etc. allowing the rather
large, fatty pad over the apex of the lung
to come into greater prominence." (Macnab,
1974.)
My symptoms, in fact, continued to improve
and my case was finally settled in April, 1975.
Since then my symptoms have still continued
to resolve slowly. The numb feeling event-
ually disappeared from T.4, although I still
get occasional stiffness and pain to the left
of C.6, especially when having to lift heavy
patients or using a mattock in the garden,
and I still get some discomfort with prolonged
walking on hard pavements with pain from
T.4 to the tip of the left 12th rib.
When I last visited my specialist, he reo
ported that I had a good range of cervical
spine movements except for lateral flexion to
the left, and it was possible that this mild
limitation would persist. He also noted that
the soft tissue injury to the left anterior
tibial muscles had caused a residual limit·
ation of plantar.flexion of the left ankle joint.
Errors of Judgement
At the accident site, I signed a form
allowing the tow·truck man to take my car
away. Certainly, he arrived at my place of
work within the hour, but only to get per·
mission to work on my vehicle and also to
inform me that, unfortunately, a replacement
car would not be available. By this time I
was able to think more lucidly, and con·
tacted my insurance company, who immedi·
ately took over the whole procedure and
arranged for my vehicle to be transferred to
their reputable garage. Obviously, I was in-
volved in a high velocity rear·end collision
impact, and therefore suffered a traction
injury. This possibly helped my recovery as
the whiplash mechanism was minimised. How-
ever, under the circumstances it was foolish
to have continued working without ascertain·
ing the full degree of the injury.
I would like to stress the fear that I felt
before I was able to control the cervical stiff·
ness, and later the fear that I was going to
have a permanent disability. Above all, there
was a growing feeling of isolation because my
slow recovery was being viewed with suspicion
by some laymen and associated personnel of
the legal and medical professions.
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I would be grateful if you would consider
these implications when you are next COll-
fronted with a rear-end collision impact
victim.
SUMMARY
A review of the history of cervical whiplash is
presented. Some attempt has been made to relate the
experimental and clinical investigations so as to
arrive at a scientific understanding of the whole
problem. My own work with acceleration extension
injuries is mentioned, and a report given of my
experience of a rear-end collision impact.
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